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Objective: To evaluate and to correlate levels of physical activity 
with the pulmonary function of children with and without a 
diagnosis of asthma.
Methods: This study was conducted in two phases with schoolchildren 
aged between eight and 16 years old in Porto Alegre/RS. In the 
first phase (cross sectional), the sample was classified as asthmatic 
if a physician had ever diagnosed them with asthma and if they 
reported symptoms and treatment for the disease in the past 
12 months. In the second phase (control-case), the following were 
measured: anthropometry, physical activity levels, time spent in front 
of screens, and lung function (spirometry). Data are presented in 
mean and standard deviation or median and interquartile interval 
and by absolute and relative values. Chi-square, Student’s t-test or 
Mann-Whitney test and Spearman correlation were applied, with 
p<0.05 being significant. 
Results: 605 students participated in the study, 290 children 
with a clinical diagnosis of asthma and 315 classified as a 
control. 280 (47.3%) were male children, with an average age 
of 11.0±2.3 years old. The spirometric values showed differences 
in the classifications of airway obstruction levels between the 
asthma and control groups (p=0.005), as well as in the response 
to bronchodilator use for FEV1/FVC (p=0.023). In the correlation 
assessment, there was no correlation between physical activity 
with anthropometric values, nor with pulmonary function, pre-
and post-bronchodilator.
Conclusions: The study demonstrates that there is no relationship 
between either anthropometric values or physical activity levels 
with pulmonary function of asthmatic children. 
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Objetivo: Avaliar e correlacionar os níveis de atividade física com 
a função pulmonar de crianças com e sem diagnóstico de asma.
Métodos: Estudo realizado em duas fases, em escolares de oito a 
16 anos de Porto Alegre (RS). Na fase I (transversal), classificaram-se 
como asmáticos os escolares com diagnóstico positivo de um 
médico alguma vez na vida, com crises e tratamento para a 
doença nos últimos 12 meses. Na fase II (caso controle), foram 
avaliados: antropometria, níveis de atividade física e tempo gasto 
em frente às telas e função pulmonar (espirometria). Os dados são 
apresentados por média e desvio padrão ou mediana e intervalo 
interquartil e por valores absolutos e relativos, sendo aplicados 
os testes χ2, t de Student ou de Mann-Whitney e correlação de 
Spearman, com valor de significância p<0,05. 
Resultados: Participaram do estudo 605 escolares, 290 crianças 
com diagnóstico clínico de asma e 315 classificadas como controle. 
Do total, 280 (47,3%) crianças eram do sexo masculino, com 
média de idade de 11,0±2,3 anos. Os valores espirométricos 
demonstraram diferenças nas classificações dos níveis de obstrução 
das vias aéreas entre grupos asma e controle (p=0,005), além da 
resposta ao uso de broncodilatador, para o volume expiratório 
forçado no primeiro segundo (VEF1)/capacidade vital forçada (CVF) 
(p=0,023). Não houve correlação entre a prática de atividades 
físicas e valores antropométricos, tampouco entre a função 
pulmonar e o pré e pós-uso de broncodilatador.
Conclusões: O estudo demonstrou não existir relação entre 
valores antropométricos e níveis de atividade física com a função 
pulmonar de crianças asmáticas em idade escolar.
Palavras-chave:  Asma; Espirometria; Atividade física; 
Antropometria.
ABSTRACT RESUMO
*Corresponding author. E-mail: crisron@gmail.com (C. Roncada).
aPontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre, RS, Brazil. 
bUniversidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. 
Received on May 30, 2019; approved on October 20, 2019; available online on June 16, 2020.
RELATIONSHIP BETWEEN SCHOOLCHILDREN’S 
LEVELS OF PHYSICAL ACTIVITY, ANTHROPOMETRIC 
INDICES AND PULMONARY FUNCTION
Relação entre níveis de atividade física, índices 
antropométricos e função pulmonar de escolares
Fernanda Pazinia , Caroline Pietta-Diasb , Cristian Roncadaa,* 
ORIGINAL ARTICLE http://dx.doi.org/10.1590/1984-0462/2021/39/2019189
Physical activity, anthropometry and pulmonary function
2
Rev Paul Pediatr. 2021;39:e2019189
INTRODUCTION
Asthma is a chronic disease with a high prevalence, especially 
in children. As such, it is considered a worldwide public health 
problem. It has several severity classifications, and only the cor-
rect diagnosis can indicate the best therapeutic method to be 
applied.1  Generally, its diagnosis is made from clinical findings, 
with acute episodes, symptoms between crises, a personal and 
family history of the disease, evolution of the disease, reduced 
lung function and response to treatment.1,2
Physical exercise can exacerbate the symptoms. 
However, induced bronchoconstriction must be understood as 
separate from uncontrolled symptoms during a crisis, and as such 
there different treatments.3 Exercise-induced bronchoconstric-
tion is transient and affects more than 40% of the child popula-
tion.4 Hyperventilation during physical activity can dry out and 
cool the airways, triggering an acute crisis.5 However, asthmatic 
children doing regular physical activities show reduced levels of 
systemic inflammation, and thus it is widely recommended by 
specialists as part of prophylactic treatment.6,7
The recommendations of the American College of Sports 
Medicine (ACSM) suggest that children and young peo-
ple practice at least 60 minutes of physical activity daily.8 
Activities must be at a moderate to vigorous level, in order to 
have an increase in cardiorespiratory frequency.8 Studies show 
that the young population in general has very low levels of 
fitness and physical activity, causing an increase in the inci-
dence of overweight and obesity cases in the child popu-
lation.9-11 Being overweight and obese reduces lung capac-
ity and volume.12 Among these changes, one of the most 
important is the decrease in functional residual capacity 
(FRC).13 When an individual is obese, their FRC is lower 
due to compression in the rib cage, reducing the dimen-
sions of the region because of the high amount of fat mass. 
The diaphragm moves higher due to the distention in the 
abdomen.14 In order for normal lung function to perform 
in terms of its normal capacity and volume, the respiratory 
system must also be working in harmony.14
Asthmatic and obese children have their symptoms exacer-
bated, as they have a decreased response rate to inhaled corti-
costeroids.10 Some epidemiological studies assume that asthma 
and obesity are correlated.11,12 Based on these facts, the objec-
tives of the present study were to assess and correlate the lev-
els of physical activity with the pulmonary function of school 
children with and without a diagnosis of asthma.
METHOD
A study was carried out in two phases with students from pub-
lic schools in Porto Alegre (RS) aged 8 to 16 years old:
• Phase I (cross-sectional): a characterization of the sam-
ple, with an abbreviated questionnaire applied to the 
guardians of the students, following the standards of 
the International Study of Asthma and Allergies in 
Childhood  (ISAAC) study.15 It contained four ques-
tions for the identification of children with asthma and 
healthy children: 1) Has the student ever experienced 
wheezing in the chest or shortness of breath?; 2) Has 
the student ever had a medical diagnosis of asthma or 
bronchitis?; 3) In the last 12 months, did the student 
show wheezing or shortness of breath?; 4) In the last 
12 months, did the student ever use medication for 
asthma or bronchitis?
• Phase II (control case): after characterization and iden-
tification of the asthma and control (healthy) groups, 
the outcomes of the anthropometry, levels of physical 
activity and lung function (spirometry) were evaluated.
Prior to inclusion in the study, both guardians and patients 
consented to participate with a free and informed consent form 
(guardians) and an agreement form (children/adolescents).
In addition, the study was approved by the Research Ethics 
Committees (CEP) of the Pontifícia Universidade Católica do 
Rio Grande do Sul, as well as by the Municipal Health Secretariat 
of Porto Alegre, under Substantiated Report No. 73,585/12 
and No. 7,793/2012, respectively.
In the anthropometric evaluation, the following were 
evaluated:
• The body mass index (BMI),16 calculated by BMI=weight 
(kg)/stature2 (m) and demonstrated by the Z score.
• For the fat percentage (%F), following the methodol-
ogy proposed by Slaughter et al.,17 skin folds (triceps 
and medial calf ) were evaluated, using the formula 
(%F=0.735 (Σ2DC) +1.0) for boys and (%F = 0.610 
(Σ2DC) +5.0) for girls, where Σ2DC equals the sum 
of the two folds. 
• Waist to stature ratio (WSR),18 was calculated by divid-
ing waist circumference with height (WSR=waist/stat-
ure ratio).
All of the anthropometric assessments were collected by 
a single, previously trained researcher. For the skin folds, a 
scientific adipometer of the brand/model Lange (Cambridge 
Scientific Industries, Inc., Cambridge, Maryland, United States) 
was used. Body mass was obtained with individuals in an ortho-
static position, with minimal clothing, no shoes, and weighed 
using a digital scale (G-Tech, Glass 1 FW, Rio de Janeiro, Rio 
de Janeiro, Brazil) previously calibrated with a precision of 
100 grams. Stature was measured with the participants barefoot, 
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feet in a parallel position, ankles together, arms extended along 
the body and the head positioned so that the lower part of 
the eye socket was on the same plane as the external ear hole. 
Stature measurements were taken using a portable stadiome-
ter (Altura Exata, TBW, São Paulo, São Paulo, Brazil) with an 
accuracy of 1 mm.
To assess lung function, spirometry tests were applied before 
and after the application of 400 µg of salbutamol (bronchodila-
tor), following international criteria and guidelines (American 
Thoracic Society and European Respiratory Society).19 The val-
ues of forced expiratory volume in the first second (FEV1), 
forced vital capacity (FVC) and the division between the two 
variables (FEV1/FVC) were collected. The best maneuver of at 
least three acceptable and two reproducible ones were recorded, 
according to international criteria. Like the BMI values, the 
spirometric parameters were adjusted for the target audience, 
and were presented by Z score.
For the purpose of assessing physical activity levels, a ques-
tionnaire designed and validated for the study population was 
applied. It was proposed by Hallal et al., 20 and was composed 
of extra-class physical activity questions and time spent in front 
of screens as a risk factor for physical inactivity. All questions 
corresponded to the week prior to the application of the ques-
tionnaire (last seven days). In order to characterize physically 
active or sedentary children, the total sum of activities equal 
to or greater than 10 minutes was used as a criterion, with 
the cutoff point being 300 minutes (<300 minutes=physi-
cally inactive/sedentary and ≥300 minutes=physically active). 
As for the physical inactivity risk, ≥2 hours/day for high risk 
of inactivity and <2 hours/day for low risk of physical inac-
tivity were adopted.
For the design and sample calculation, both the selection 
of schools and that of students occurred in a randomized way 
(simple random). In total, seven public schools in Porto Alegre 
were selected, based on the sample calculation the ISAAC stud-
ies,15 which predicted a confidence level of at least 95% and 
sampling error of up to 5%. For phase I, 2,500 students were 
needed. For phase II, the sample size was estimated at 576 stu-
dents (288 children with asthma and 288  control/ healthy chil-
dren; 1:1).
For the statistical analysis, descriptive and categorical vari-
ables were presented by absolute and relative frequencies, and 
descriptions of continuous variables, were presented by means 
and standard deviation (M±SD) or median and interquartile 
(MD-IQ). To make comparisons between the groups (asthma 
and control), normality was assessed by the Z test (Kolmogorov-
Smirnov), and the values were analyzed using the χ2 test and 
the t independent Student test for homogeneous variables 
and the Mann-Whitney test for non-homogeneous variables. 
In addition, for the purpose of correlating levels of physical 
activity, anthropometry and lung function, Spearman’s correla-
tion was applied, with a significance value of p<0.05.
RESULTS
In phase I, 2,899 questionnaires were distributed in seven pub-
lic schools in the city in order to identify and characterize the 
sample. Of these, 2,500 were considered to be eligible for the 
study (86.2%), reporting an asthma prevalence rate of 20.4% 
(n=511). Of the 2,500 schoolchildren, 1,211 (48.4%) were 
male, and had an average age of 11.4±2.3 years.
In phase II, 605 students were randomly selected and 
evaluated, 280 (47.3%) of whom were male, and had a mean 
age of 11.0±2.3 years. In addition, students were divided into 
two groups:
• Asthma group: 290 students classified as asthmatic.
• Control group: 315 students classified as healthy.
In Table 1, the classifications of the sample are presented, 
by group.
In Table 2, there are pulmonary function values, anthropo-
metric measurements and levels of physical activity for categor-
ical variables. Spirometric values demonstrate differences in the 
classifications of airway obstruction levels (p≤0.005), as well as 
in the pre/post-bronchodilator assessment, with the group of 
asthmatics showing a higher frequency for response (> 12%) 
after using a bronchodilator (p≤0.023). As for anthropometric 
values, none of the three applied variables showed differences 
(BMI p≤0.424, %F p≤0.962, WSR p≤0.471). The same was 
considered for the levels of physical activity or risk of physical 
inactivity due to leisure time in front of screens.
In Table 3, there are pulmonary function values, anthropo-
metric measurements and levels of physical activity for categor-
ical variables. The spirometric values reveal differences in the 
pre-use volumes of the bronchodilator (FEV1 and  FEV1/ FVC, 
p = 0.006 and p <0.001, respectively). As for anthropometric 
values, only the WSR variable showed a difference between 
groups (p=0.021), with no discrepancies between physical 
activity measures and the risk of physical inactivity due to lei-
sure time in front of screens.
In Table 4A, there are the correlations between the levels 
of physical activity or risk for physical inactivity and anthro-
pometric values, with no correlation existing between the vari-
ables studied. In Table 4B, the correlations between the practice 
of physical activity, the time spent in front of screens, and the 
increase or decrease in lung function are reported. These results 
suggest that there is no correlation between the time spent on 
physical activities and anthropometric measures, nor between 
Physical activity, anthropometry and pulmonary function
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lung function, in the pre- and post-use of bronchodilators, in 
either group.
DISCUSSION
The objectives of this study were to evaluate and correlate the 
levels of physical activity with the pulmonary function of chil-
dren with and without a clinical diagnosis of asthma. The results 
pointed to a non-existent correlation for both the group of asth-
matics and the group of healthy children. In addition, both 
groups showed very similar values in terms of physical activity 
levels and anthropometric measurements, with differences only 
for pulmonary function (FEV1 and FEV1/FVC). These results 
indicate that students in this age group have very similar phys-
ical and anthropometric patterns, regardless of whether or not 
they have a chronic respiratory disease.
Regarding the spirometric indices presented, the results 
showed differential normality between the groups, since 
asthma, a chronic obstructive disease, leads to reduced values 
of FEV1 and FEV 1/FVC. 21,22 In addition, asthmatics tend 
to present differences between their spirometric values before 
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n (%): absolute and relative values; X±SD: mean and standard deviation; 
*independent Student’s t test (scalar variables); **χ2 test.
Table 1 Characteristics of the students analyzed. Porto 
Alegre, RS, Brazi.
BD: bronchodilator; FEV1: forced expiratory volume in the first second; 
FVC: forced vital capacity; FEV1 / FVC: Tiffeneau index (relationship 









Normal 249 (87.1) 290 (93.8)
0.005





FEV1 48 (16.9) 39 (12.7) 0.150
FVC 23 (8.1) 18 (5.9) 0.286
FEV1/FVC 14 (4.9) 5 (1.6) 0.023
Anthropomorphic measurements
Body Mass Index (Z score)
Eutrophic 189 (65.1) 212 (67.3)
0.424Overweight 67 (23.1) 61 (19.4)
Obese 34 (11.7) 42 (13.3)
Fat Percentage (%F)
Eutrophic 127 (44.6) 139 (45.3)
0.962Overweight 60 (21.0) 61 (19.9)
Obese 98 (34.4) 107 (34.8)
Waist/stature ratio (WSR)
Low risk 260 (91.2) 285 (92.8)
0.471
High risk 25 (8.8) 22 (7.2)
Levels of physical activity/inactivity
Performed 
physical activity 
in the last 7 days




235 (81.0) 261 (82.9) 0.173
Levels of physical 
activity (active)
95 (32.8) 95 (30.2) 0.492
Time in front of 
screens (≥2 h/day) 239 (82.4) 257 (81.6) 0.792
Table 2 Lung function, anthropometry and levels of 
physical activity in the asthma (n = 290) and control 
(n = 315) groups.
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Table 3 Lung function, anthropometry and levels of physical activity in the asthma (n = 290) and control 
(n = 315) groups.
Asthma group Control group p -value
Lung function (pre-BD) n M±SD n M±SD †
FEV1 286 0.8±1.5 309 1.1±1.4 0.006
FVC 286 0.9±1.5 309 1.0±1.4 0.475
FEV1/FVC 286 -0.2±1.1 309 0.1±1.1 <0.001
Lung function (post-BD) n M±SD n M±SD †
FEV1 284 1.3±1.7 307 1.5±1.6 0.342
FVC 284 1.2±1.6 307 1.2±1.6 0.671
FEV1/FVC 284 0.2±1.1 307 0.5±1.1 0.001
Anthropomorphic measurements n MD(IQ) n MD(IQ) ‡
Body mass index¥ 290 0.0(0.0–1.0) 315 0.0(0.0–1.0) 0.424
Fat percentage (%F) 285 19.0(16.9–22.1) 307 18.8(16.7–21.8) 0.985
Waist/stature ratio (WSR) 285 0.8(0.7–0.8) 307 0.4(0.4–0.5) 0.021
Physical activity (min/week) 290 160.0(50.0–382.5) 315 180.0(75.0–340.0) 0.973
Physical inactivity (h/week) 290 4.1(2.5–7.0) 315 4.2(2.4–6.7) 0.962
Television 283 19.0(10.0–29.0) 306 17(.0(9.0–28.0) 0.517
Videogames 113 12.0(5.5–22.5) 138 10.0(4.9–16.3) 0.058
Computer 164 8.0(4.0–20.0) 178 13.0(6.9–21.0) 0.125
M ± SD: mean and standard deviation; MD (IQ): median and interquartile; BD: bronchodilator; FEV1: forced expiratory volume in the first 
second; FVC: forced vital capacity; FEV1/FVC: Tiffeneau index (relationship between the two variables); † independent Student’s t test; ‡ Mann-
Whitney test; ¥: BMI presented by Z score.
¥ In minutes per week; # hours a day in front of screens; SF: skin fold; BMI: body mass index; WSR: waist/stature ratio; BD: bronchodilator; 
FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; FEV1/FVC: Tiffeneau index (relationship between the two variables).
Table 4 (A) Correlation between levels of physical activity and anthropometric indices; (B) correlation between 
levels of physical activity and lung function before and after use of bronchodilators.
(A)
Asthma group Control group
SF (n=285) BMI (n=290) WSR (n=285) SF (n=307) IMC (n=315) WSR (n=307)
Physical activity 
levels¥
0.057 0.018 0.014 -0.065 -0.081 -0.008
Risk for physical 
inactivity#
-0.089 0.029 0.002 0.048 -0.023 -0.047
(B)























0.031 0.037 -0.026 0.059 0.040 -0.009 -0.109 -0.114 -0.040 -0.094 -0.090 -0.037
Risk for physical 
inactivity#
-0.045 -0.039 -0.019 -0.011 -0.018 0.004 0.029 0.017 -0.021 0.048 0.023 0.019
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obstructive pathophysiological condition, regardless of the 
severity of asthma.23 In other words, airway obstruction, even 
if mild, results in increased resistance to airflow, air retention 
in the airways and overuse of the inspiratory muscles, which 
leads to altered pulmonary function.23 
The relationship between FEV1/ FVC corroborated the 
results found in FEV1, indicating obstructive disorders at rest 
(p≤0.001). Pulmonary function tests are important markers for 
the management of chronic respiratory diseases in adults and 
children, especially those with asthma. The analysis of changes 
in lung volumes and flows during forced expiration helps in 
the treatment and prognosis of the disease. Regular pulmo-
nary function assessments are essential for monitoring chil-
dren with asthma. There may be bronchial obstruction in an 
asthmatic child, even if he or she is asymptomatic. This rep-
resents a greater risk of exacerbating a severe crisis associated 
with reduced lung function.24
After the use of bronchodilators, there was an improve-
ment in FEV1/ FVC in the group of students with asthma 
and in the control group (p≤0.003). The results were pos-
itive when there were differences in the spirometry results 
with the use of bronchodilators. Bronchodilators are the most 
widely used drugs for the treatment of lung diseases, espe-
cially in cases of asthma. They are usually applied by inhal-
ing, as they act quickly.25  Continuing treatment with the use 
of inhaled corticosteroids reduces the frequency and severity 
of exacerbated asthma attacks, and the number of hospital-
izations and emergency room visits. Appropriate treatment 
also improves quality of life, lung function and bronchial 
hyperresponsiveness, decreasing exercise-induced bronchoc-
onstriction. Such substances must be used before beginning 
exercise, since relax the smooth muscle of the airways by act-
ing on the autonomic nervous system receptors. Thus, when 
performing an activity, the individual’s crisis symptoms will 
be reduced or even nonexistent.23,25
With regard to anthropometric measurements, the continu-
ous variables of the BMI data, fat mass index and waist/stature 
ratio are described. There was no significant difference in fat 
mass index for either group (p≤0.757). For the WSR, there was 
a discrepancy between the two groups (p≤0.048). The group of 
asthmatic children had WSR rates above those without asthma. 
However, previous studies do not confirm these findings,15,26 
and may have been random discoveries, since BMI and skin 
folds did not show differences between the groups evaluated 
in the present study.
Physical exercise is considered one of the main palliative fac-
tors in the treatment of asthma. Asthmatic children may have 
their daily and physical activities reduced due to the exacerba-
tion of symptoms.27 Exercise-induced bronchoconstriction that 
is associated with asthma or not, appears along or at the end 
of physical activity and is a transient limitation. Better disease 
control is linked to increased aerobic exercise. 
One previous study that assessed functional capacity in 
children with asthma pointed out that 88% of asthmatics and 
56% of healthy children performed less than two hours a week 
of physical activity. These numbers worsen when parents report 
in questionnaires that they believe physical activity is danger-
ous for their children, thinking that exercise triggers crises. 28 
Another study also confirmed these data. Using questionnaires 
answered by parents, the authors observed that urban and 
school-aged asthmatic children are less active and that> 20% 
do not reach the goal of normal physical activity. 
The parents’ reluctance to encourage exercise may be due to 
exercise-induced bronchospasm, which can often be as intense 
as an asthma attack. In families whose parents believe that exer-
cise can improve asthma control and quality of life, children 
are more active.29,30
Data show that children aged 8–12 years spend an average 
of 6 hours a day involved with electronic devices. 25 Those who 
suffer from asthma may be more adept at using technology, 
due to their sedentary lifestyle, their condition of being over-
weight and not having the triggered symptoms. Our study 
showed no correlation between physical inactivity and the use 
of electronic media. 
Our study presented several limitations. The population 
included urban school-age children and youth, most of whom 
were not asthmatic and only a small number who had moderate 
to severe asthma. In addition, the overweight/obesity group was 
small, limiting the sampling power of the associations. A lon-
ger study is suggested, in which assessments can be made in 
all seasons of the year.
Although the international guideline Global Initiative 
for Asthma (GINA),1 supported by the Brazilian Society of 
Pulmonology and Tisiology (Sociedade Brasileira de Pneumologia 
e Tisiologia - SBPT),3 provides specialized medical monitoring 
and adherence to pharmacological treatment for asthma con-
trol associated with the regular practice of physical activities to 
reduce body fat mass and improve the mechanisms of pulmo-
nary function, our study did not show differences in the vari-
ables of levels of adherence to physical activity practices and 
anthropometric indices between children with and without a 
diagnosis of asthma.
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